Background-We investigated the pattern of late luminal loss after sirolimus-eluting or bare stent implantation. Methods and Results-The study population comprised 238 patients treated with sirolimus-eluting stents and 526 patients treated with conventional stents. The distribution of late loss of sirolimus stents was largely skewed to the right and differed from the distribution for bare stents. When divided according to the presence of binary restenosis (diameter stenosis Ͼ50%), restenotic lesions in the bare stent group (26.0%) had a late loss of 1.40Ϯ0.64 mm and in the sirolimus group (7.9%) of 1.16Ϯ0.76 mm. Nonrestenotic lesions in the bare stent group had a late loss of 0.58Ϯ0.44 mm, whereas the late loss of nonrestenotic lesions in the sirolimus group remained close to zero (Ϫ0.05Ϯ0.33 mm). Differences between poststenting and follow-up measurements in the sirolimus group (late loss) resembled variations observed in repeated angiographic measurements, as assessed from a random sample of 30 segments measured repeatedly. After multivariate adjustment, stent type did not influence the degree of late loss in restenotic lesions. However, nonrestenotic bare stents had a significantly larger estimated luminal loss (0.58 mm; 95% CI, 0.52 to 0.65) than sirolimus-eluting stents, for which the predicted late loss was almost 0 (Ϫ0.04 mm; 95% CI, Ϫ0.10 to 0.02). Conclusions-The pattern of late loss after sirolimus-eluting stent implantation follows a peculiar behavior, different from lesions treated with conventional stents. Whether this is explained by an unusual statistical distribution or a biological all-or-none response of restenosis after sirolimus-eluting stenting remains to be investigated. 
T he pathophysiological processes involved in lumen renarrowing after percutaneous coronary intervention have largely been studied over the past decades. However, it remains a matter of debate whether restenosis simply represents an extreme form of the "normal" vessel healing response after mechanical dilatation or if it is related to specific mechanisms that ultimately lead to vessel renarrowing. [1] [2] [3] [4] [5] [6] [7] Although several cutoff criteria have been proposed to dichotomize patients with restenosis from those without restenosis, it has been widely recognized that, to some extent, late luminal reduction is a ubiquitous phenomenon, occurring even in those categorized as not having binary restenosis. 1, 7 Recently, drug-eluting stents with the antiproliferative agent sirolimus have proved to reduce neointimal growth markedly in clinical trials. In the First-in-Man (FIM) study 8 and the Randomized Study With the Sirolimus-Eluting Bx Velocity Balloon-Expandable Stent in the Treatment of Patients With De Novo Native Coronary Artery Lesions (RAVEL), 9, 10 no cases of binary angiographic restenosis were seen after sirolimus-eluting stent (SES) implantation. Restenosis (diameter stenosis Ͼ50% at follow-up) after SES implantation occurred in 9% of cases (compared with 36% with bare stents; PϽ0.001) in the recent randomized Sirolimus-Eluting Bx Velocity Balloon Expandable Stent Trial (SIRIUS). 11 However, SIRIUS included more complex patients than RAVEL and FIM, which could at least partially account for the occurrence of restenosis in some cases. Moreover, we have recently shown that post-SES restenosis frequently occurs in association with particular local conditions in complex cases. 12 Nonetheless, the late luminal renarrowing response after SES implantation currently is poorly understood. In the present study, we examine the pattern of late luminal loss after SESs compared with conventional bare metal stent implantation.
Methods

Study Design and Patient Population
Since April 2002, SESs (Cypher; Johnson & Johnson-Cordis Unit, Cordis Europa NV) have been the device of choice for every percutaneous procedure in our institution, as detailed elsewhere. 13 The final interventional strategy was left to the discretion of the operator, as was the use of periprocedural glycoprotein IIb/IIIa inhibitors and antithrombotic medications.
Patients treated with SESs were considered candidates for angiographic reevaluation if presenting with at least one of the following: (1) treatment of acute myocardial infarction, (2) treatment of in-stent restenosis, (3) use of a very small SES (2.25-mm nominal diameter), (4) treatment of the left main coronary, (5) treatment of chronic total occlusion (Ͼ3 months), (6) adjacent stented segment Ͼ36 mm, and (7) bifurcation stenting (SES implanted in the both the main vessel and the side branch). Patients not undergoing a repeated intervention in the first month and without a formal medical contraindication were considered eligible for angiographic follow-up between 6 and 8 months. Importantly, although all such patients were approached for angiographic follow-up, patient refusal was not considered an exclusion criterion to be treated with an SES. Angiographic restudy was not requested for nonresidents of the Netherlands.
During the first 6 months of enrollment, a total of 362 consecutive patients had at least one of the above criteria (57% of all patients treated with SESs in the period). Of these, 2 patients moved to another country, 10 patients had died at the 6-month follow-up, 6 patients had repeated intervention before 30 days, and 3 patients were considered to have a medical contraindication to the angiographic follow-up. Of the remaining 341 patients, angiographic follow-up (204Ϯ34 days) was obtained from 238 patients (70% of eligible patients), who make up the present study population. A total of 441 lesions were treated and included in the present report. 14 Apart from being older (63Ϯ12 versus 60Ϯ12 years; Pϭ0.02), excluded patients had baseline characteristics similar to those of patients with angiographic follow-up. The hospital ethics committee approved this protocol, and written informed consent was obtained from every patient.
To better evaluate the angiographic outcomes of patients treated with an SES, a control group for comparison was composed of patients treated with bare metal stents included in the Evaluation of Oral Xemilofiban in Controlling Thrombotic Events (EXCITE) trial, the study design and main results of which have been reported elsewhere. 15 Briefly, EXCITE randomized a total of 7232 patients to the oral glycoprotein IIb/IIIa inhibitor xemilofiban or placebo, which was administered before percutaneous coronary revascularization and maintained for up to 6 months. The trial included a substudy of 526 patients (734 lesions) treated with coronary stenting, for whom baseline, postprocedure, and 6-month angiographic reevaluation was obtained and who made up the control population of the present study. Because of the negative results of the trial in preventing restenosis, all patients were included in the present report regardless of the allocated treatment.
Quantitative Coronary Angiography
Coronary angiograms were obtained before intervention, after stenting, and at follow-up. The projection showing the maximal degree of stenosis (worst view) was selected at baseline and used for the subsequent analysis. Quantitative coronary angiographic analysis was performed as previously described with a validated computerbased edge-detection system (CASS II, Pie Medical). 16 Interpolated reference diameter, minimal luminal diameter, and diameter stenosis were measured at all time points. Late loss was calculated as the difference between the minimal luminal diameter after stenting and at follow-up. The target lesion was defined as the entire segment involving the implanted stent and the 5-mm distal and proximal borders adjacent to the stent.
Statistical Analysis
Categorical variables were expressed as percentages and compared by Fisher exact test. Continuous variables were presented by their mean and SD and compared by Student t test. The frequency distribution of late loss was graphically represented with histograms and tested for normality with the Kolmogorov-Smirnov goodnessof-fit test. The method proposed by Bland and Altman 13 was used to evaluate the variation in the measurements of luminal diameters after the procedure and at follow-up, as well as the variations between repeated measurements in a random sample of segments in the index angiogram. In the Bland-Altman method, the average of the 2 Values are meanϮSD when appropriate. *Unstable angina or acute myocardial infarction.
measurements for an individual lesion is plotted against the difference between them, with 95% limits of agreement being calculated to evaluate the measurement concordance. Also, the regression line of difference on average was depicted in the graphs, as well as the correspondent R 2 value. Multivariate estimates of late loss were calculated by general linear models adjusted for stent type (bare stents or SESs) and for the following baseline and procedural variables (which differed between the study groups): gender, diabetes, clinical syndrome at presentation, treated vessel, lesion length, reference diameter, and postprocedure minimal luminal diameter.
Results
Patients treated with an SES had a higher risk profile for restenosis than the control group with bare stents, according to previously proposed risk factors (Table 1) 
Frequency Distribution of Late Loss
Overall, patients treated with bare stents had an average late loss of 0.80 mm (range, Ϫ0.75 to 3.48 mm), and patients treated with SES had an average late loss of 0.04 mm (range, Ϫ1.12 to 2.97 mm; PϽ0.01 versus bare stents). Although presenting an apparent bell-shaped pattern (Figure 1) , the frequency distribution of late loss values strongly deviated from normality for both stent groups (PϽ0.001 by Kolmogorov-Smirnov test for normality for both). The frequency distribution of late loss was analyzed after the lesions were separated into 2 categories according to several proposed definitions for binary restenosis. 4, 17, 18 Also, lesions were separated according to the previously described intersection point between lesions with and without excessive late loss after conventional stenting (ie, minimal luminal diameter at follow-up of 1.09 mm). 7 All analyses gave similar findings, and further results of this study are presented for the most commonly used criterion of binary restenosis, which defines restenosis as a luminal diameter stenosis Ͼ50% at follow-up.
The frequency of late loss values of restenotic lesions among control subjects (26.0% of lesions; mean late loss, 1.40Ϯ0.64 mm) followed a bell-shaped format with a tendency to deviate from normality, although not reaching statistical significance (Pϭ0.1 by Kolmogorov-Smirnov test for normality) (Figure 2 ), whereas the late loss of lesions with binary angiographic restenosis after SES implantation (7.9% of lesions) had a mean late loss of 1.16Ϯ0.76 mm (Pϭ0.02 versus bare stents) and presented an uncharacteristic distribution pattern (Figure 2 ). Because lesions presenting with total occlusions at follow-up (TIMI flow 0 or I) may be associated with distinct physiopathological processes of lumen renarrowing (eg, thrombosis instead of progressive neointimal proliferation) 7 and because of the low incidence of late total occlusions in both groups (0.9% for SES versus 4.1% for bare stent; PϽ0.01), restenotic lesions were also analyzed after exclusion of occlusions. Among control subjects, the frequency of late loss for nonoccluded restenotic lesions presented a bell-shaped format resembling a normal distribution (Pϭ0.5 by Kolmogorov-Smirnov test for normality), with an average lumen loss of 1.24Ϯ0.52 mm (Figure 2 ). In the SES group, nonoccluded restenosis presented an uncharacteristic distribution pattern (mean late loss, 0.96Ϯ0.64 mm; PϽ0.01 versus bare stents) (Figure 2) .
Nonrestenotic lesions in the bare stent group presented a frequency distribution of late loss close to normality (Pϭ0.3 by Kolmogorov-Smirnov test for normality), with an average late loss of 0.58Ϯ0.44 mm (Figure 3) . However, nonrestenotic lesions in SES presented a mean late loss close to 0 (Ϫ0.05 mm; SD, 0.33 mm) and a frequency distribution also close to normality (Pϭ0.5 by Kolmogorov-Smirnov test for normality) (Figure 3 ).
Repeatability of Measurements
Previous studies from our institution have evaluated the medium-term repeatability of quantitative angiographic measurements. For this analysis, repeated images were obtained within an interval of some minutes (acquisition performed at the beginning and end of the catheterization), with the x-ray system repositioned at the same projection after being moved to acquire other views. 16, 19 Medium-term repeatability accuracy was defined as the average difference between the measurements of both images; medium-term repeatability precision was defined as the SD of the differences between repeated measurements. The difference between both measurements has previously been reported to average 0.03 mm (medium-term repeatability accuracy), with an SD of 0.18 mm (medium-term repeatability precision). 16, 19 Coincidentally, the calculations performed to assess accuracy and precision of repeated measurements are the same as those used for late loss (ie, the difference of luminal diameters between 2 sequential angiograms) and its SD, respectively. Interestingly, the late loss and SD of lesions without binary restenosis in the SES group (and not in the bare stent group) were similar to the accuracy and precision of repeated measurements of the same vessel segment. These findings suggest that the values of late loss for lesions with no restenosis after SES implantation may potentially reflect solely the variability of repeated measurements, with a minimal (or absent) component resulting from actual neointimal accumulation (or vessel enlargement). Conversely, even when not classified as restenotic according to binary criteria, lesions treated with bare stents did present some extent of luminal loss, implying that mild neointimal proliferation may also be present in nonrestenotic lesions after conventional stenting.
To further evaluate this concept, we analyzed in our patients the intraprocedural measurement repeatability of a random sample of 30 vessel segments not related to the target lesion. In this analysis, the selected segments were measured in the same projection at the beginning and end of the index procedure; all paired measurements were done blindly without knowledge of the matched values. The vessel diameters differed between baseline and the end of the procedure by Ϫ0.02 mm (95% CI, Ϫ0.59 to 0.56 mm) (repeatability accuracy) with an SD of 0.29 mm (repeatability precision). The corresponding Bland-Altman plot is depicted in Figure 4 . For comparison, the Bland-Altman plot is also shown for late loss (difference in diameters after stenting and at follow-up) of lesions without restenosis in the SES group (late loss, Ϫ0.05 mm; 95% CI, Ϫ0.69 to 0.59 mm) and in the bare stent group (late loss, 0.58 mm; 95% CI, Ϫ0.28 to 1.45 mm) (Figure 4) . The resemblance between the analyses for repeated measurements and late loss in the SES stents was evident and clearly differed from the graph for bare stents. In addition, the regression lines of difference on average (and respective R 2 values) are shown and demonstrate a strikingly similar behavior of the values through the range for the repeated measurements and the SES group.
Multivariate Estimates of Late Loss
To correct for baseline and procedural differences between the SES and bare stent groups, we performed a multivariate analysis to estimate the value of late loss after adjustment for potential confounders. Estimates of late lumen loss for patients treated with bare stents or SES are shown in Table 2 . Restenotic lesions had a comparable estimated late lumen loss whether occurring in bare stents (1.26 mm; 95% CI, 1.15 to 1.36 mm) or in SESs (1.32 mm; 95% CI, 1.14 to 1.51 mm) (for the effect of stent type, Pϭ0.7), even after exclusion of late total occlusions. Adjusted estimates for nonrestenotic lesions, however, have shown a different behavior for bare stents and SESs. Although nonrestenotic bare stents had a predicted late loss of 0.58 mm (95% CI, 0.52 to 0.65), the predicted late luminal loss of SESs without restenosis was Ϸ0 (Ϫ0.04 mm; 95% CI, Ϫ0.10 to 0.02) (for the effect of stent type, PϽ0.01).
Discussion
The present study shows that the pattern of angiographic late lumen loss after SES implantation follows a peculiar behavior that differed from lesions treated with conventional stents. The distribution of late loss of SES appeared largely skewed to the right (ie, most late loss tended toward smaller values), which could merely represent a distinct feature explained by an unusual statistical distribution. Nevertheless, the possibility of a biological all-or-none response of restenosis after SES implantation remains to be investigated. Substantial luminal renarrowing occurred in a minority of lesions diagnosed as restenotic, according to binary definitions. In most patients, however, luminal dimensions were maintained, with no late loss at follow-up. In the latter group, eventual differences in luminal measurements between poststenting and follow-up resembled variations expected to occur in repeated angiographic measurements. This pattern of late angiographic outcome differed from that observed after bare stent implantation. After conventional stenting, the late loss of nonrestenotic lesions in bare stents (adjusted estimate, 0.58 mm) was significantly higher than in nonrestenotic SESs, which predicted that late loss was maintained close to 0.
It has been reported that some degree of late loss occurs even for nonrestenotic lesions after percutaneous interventions with bare stents. 1, 7 In a previous study with conventional stenting, Schomig et al 7 have shown that lesions in the lower range of lumen renarrowing still presented a late lumen loss of Ϸ0.5 mm, a number similar to that observed in our control group. SES implantation, however, has been shown in our series to virtually abolish neointimal formation in nonrestenotic lesions. The elimination of neointima creates a peculiar scenario in which the angiograms of nonrestenotic lesions obtained immediately after the procedure and at follow-up are usually indistinguishable. In this context, the measurements performed to calculate late loss (ie, the difference in luminal diameters between both angiograms) actually mimic repeated measurements of the "same" angiogram, a fact that is readily appreciated by the average "late loss" of Ϸ0. Moreover, the SD of late loss measurements (0.3 mm) represents the normal fluctuations of repeated measurements performed in the same segment. Interestingly, similar findings were observed in the FIM and RAVEL studies, in which all cases were free of restenosis. In the FIM study, 8 late loss was 0.16Ϯ0.3 mm; in the RAVEL trial, late loss was reported to be Ϫ0.01Ϯ0.33 mm 9,10 (slow-release formulation for both studies).
It is noteworthy that, because of the relatively limited number of patients treated with SESs in the present study, it is not possible to rule out that systemic or patient-based factors may induce, in rare cases, some extent of mild neointimal proliferation even in the absence of restenosis. However, the possibility that restenosis after SESs may follow an all-or-none response does not necessarily imply the presence of biological drug resistance. Indeed, preliminary reports have shown that post-SES restenosis is associated with a variety of lesion-and stent-related conditions, 12, 20 which underscores the importance of local mechanisms in the pathophysiology of the condition. Furthermore, the fact that neointimal proliferation in SES restenosis is very localized (instead of diffuse) and frequently bordered by segments with no evidence of neointima 12 indicates that an absolute lack of drug action is unlikely in most cases.
In addition, because of the low incidence of lesions presenting actual luminal renarrowing after SES implantation, it was not possible to identify the distribution pattern of late loss in this group of lesions. Thus, lesions were separated into 2 groups according to the usual cutoff definition of binary restenosis. Further analyses with increased numbers of lesions are warranted to validate the present results. A higher rate of angiographic follow-up is desirable to fully evaluate the angiographic outcomes. 4 However, the present study enrolled a unique cohort of unselected patients with complex procedures, which differs from patients usually included in randomized trials and may limit the compliance for angiographic restudy. Moreover, the nonrandomized nature of our study with SES precluded the inclusion of an unbiased control group. However, this limitation was partially overcome by the comparison of patients treated with SESs with patients treated with conventional stents enrolled in a recent multicenter trial. 
